
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
ENVIRONMENTAL SERVICES DIVISION 

REGION 7 
25 FUNSTON ROAD 

KANSAS CITY, KANSAS 66115 

JAN 3 1995 

MEMORANDUM 

SUBJECT: 

FROM: 

THRU: 

Quality Assurance Sampling Plan 
Collection of Air and Soil Samples for Asbestos 
Residential Areas Near Certain-Teed/Maline Creek 
-.-Rt~Loui , Mis~ouri 

~ou s !:J.ru~ 
Envi onmental Engi'ne r, EDSB/ENSV 

Jeffrey A. Wandtk 
Regional Quality surance Manager, EDSB/ENSV 

TO: Don Hamera 
OSC, EP&R 

I have completed review of the subject document, prepared by 
the Technical Assistance Team (TAT) contractor, Ecology and 
Environment (E&E), and dated October 1994, according to Region 7 
ENSV' s Standard Operating Procedure (SOP) 1330.2, i•Review of 
Quality Assurance Related Documents". 

Attached please find Attachment A, "QA Document Review 
Checklist". Based on this completed checklist and the comments 
presented below, I am recommending approval with comment. 
Attached please find the completed signature approval page. A 
copy has been retained for R7QAMO records. 

Project Objective 

1. Scope of Work, §II.B. As we discussed the week of December 
27, 1994, the scope is being modified to include all residents 
southeast of the site, not just those "affected by the flooding 
in August 1993". 

2. Method Detection Limits, §V.B. Determinations for asbestos 
will be per the attached Nonrnandatory Transmission Electron 
Microscopy Method, 40 CFR Part 763, Subpart E, Appendix A, not 
the National Institute for Occupational Safety and Health (NIOSH) 
method 7402. 

Note: See Section D of the attached contains the quality control 
items. 

The transmission electron microscopy (TEM) determinations 
generated in this sampling effort will provide for each asbestos 
the count in structures per square millimeter. According to 

Ol tf 30290523 r2 • 0 

111111111111111111111111111 ~111111111111 11111111 
RECYCLE~ 

0 \A 00 Superfund 

.~--· 



Asbestiform Fibers: Nonoccupational Health Risks, EPA 68-01-
4655, page 84, counting, i.e., use of TEM, emphasizes "respirable 
dust". 

As a result of the change in methodology, the data will not 
be compared to the Occupational Safety and Health Administration 
(OSHA) permissible exposure limit (PEL) of 0.2 fibers per cubic 
centimeter. Only fibers greater than 5 microns can be applied to 
the OSHA PEL. 

Note: Unfortunately, there are no known standards for ambient 
concentrations of asbestos in air. 

Sampling Procedures 

1. Sampling Rationale/Methods, §III.A. Locations of the air 
samplers will be set as recommended by the Asbestos Hazard 
Emergency Response Act (AHERA)-certified air monitoring 
technician. However, proposed locations are as follows: the 
area west of the creek and east of the the residential 
neighborhood divided into three sectors, the residential 
neighborhood west of the site divided into three sectors, one in 
the middle of the former Certain-teed site, and one up-wind, or 
background. A collocated sampler is proposed for the sector 
south of the creek closest to the buried asbestos exposed by the 
Maline Creek. Finally, two blanks will be collected per the 
Subpart E protocol. 

Note: The filters for sample collection will be provided by the 
lab. 

Analytical Methods 

1. Analytical Procedures, §V.A. 

a) Determinations will be provided by Environment & Energy 
Consultants, St. Louis; I was unable to confirm their claim they 
were a National Institute for Standards and Technology (NIST)
approved lab. A list of "certified" labs is en route. 

Note: It is important the lab realize it is to report the items 
detailed in Section I of the Subpart E protocol. 

b) The modified Chatfield method for determinations of 
asbestos in soil was not contained in the subject document. 
Apparently, this is a modification of the Chatfield method for 
asbestos in floor tile. This appears to be acceptable. 

If you have any questions, please contact me at x5180. 

Attachments 

R7QAMO Activity Number: 
R7QAMO Document Number: 

95-QQ1KF 
95063 
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Attachment 2 

QA Document Review Checklist 

Project/Plan Name: Quality Assurance Sampling Plan; Collection of Air and 
Soil Samples for Asbestos; Residential Areas Near Certain-Teed/Maline 
Creek; St. Louis. Missouri 

Activity Number: 95-001KF Document Number: 

Deficiencies were found in the elements checked below: 
(See the attached review report for comments) 

1. Project Objective 

95063 

XXX Objective or scope of the data collection activity 
Intended use of the data 

XXX Action level, required detection limits, data quality objectives 
Project participant/responsibility table; line authority diagram 

2. Sampling Procedures 

Sampling network and rationale 
Sampling schedule, locations, frequency, duration 
Sample matrices, target analyte 

XXX Sampling/decontamination procedures 
Sample containers, preservation, holding times 
Sample shipment/transportation, coordination with the laboratory 
Sample custody and documentation of field activities 

3. Analytical Methodology 

XXX Quality of written procedure or choice of reference. 
Method detection limit, precision, accuracy, comparability 
Laboratory documentation 

4. Field and Laboratory QC Samples 

Field QC elements 
Laboratory QC elements 
Frequency of QC checks 
Control limits and corrective actions 

5. Data Review, Validation and Reporting 

Review process 
Acceptance/rejection criteria for validation 
Data deliverables 

Approval Recommended 
XXX Approval Recommended w/Comments 

Resubmission Recommended 

R7QAMO Reviewer: Douglas J. Brune 
Completion Date: December 30, 1994 
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TABLE III--SUMMARY OF LABORATORY DATA QUALITY OBJECTIVES 

Conformance 
Uoil Operation ocom Frcqucncx Eapa:!aljon 

Sample receiving Review oC receiving repoo Each sample 95., 'omplete 

S1111ple tuSIOdy Review ol chaiiHJ(<USIOdy reronl Each sample 95., 'ompleae 

Sample preparation Supplies and tu~enll On ru:eipt Meec specs. or reject 

Grid opening size 20 opening!/20 grids/lOt 
or 1000 or I opening/sample 

100 .. 

Special clean area monitoring Arter cleaning or service Meet specs or redean 

Laboratory blank I pes prep series or 10'1> Mee\ specs. or 
reanalyze series 

Plasmaeu:h blank I per 20 samples 15 .. 

Multiple preps (3 per sample) Each sample One with rover or IS 
compleiC grid sqs. 

Sample lllllysis SySICm cbeck Each day Each day 

Alipuncal cbeck Each day &:!I day 

Mqnif"ation c:alibnlion with low and high Each month 01 aller aervice 95 .. 
amdanls 

ED calilnlion by ROid Slalldanl Woekly 95 .. 

EDS calibnlioa by copper line Daily 95 .. 

l'afQ1111811Ce chl!ck L8bonlooy blank (me:aswe ol cleanUness) Prep I per series or 10'1> McdspecsCJI 
lad I per 25 samplel reanalyze aeries 

Replicale COUIIIing (tneBUJ"e ofpredsion) I pes 100 samples U ll Poisson Std. Dev. 

~ lllalysis <-ollqiiOducibility) I per 100 samples 2 ll Poisson Std. Dev. .. 
Known ramplel or typical mllerials liainingllld for IXJIII· 100 .. 
(waking undards) puiJall willl unknowns 

Analysis of NBS SRM 1876 md/or RM 8410 I per lllllyst per year J.S x Poisson Std. Dev. 
(lllaiiUieofacancyiiDd~) 

Dall atlry review (dala validllion IIDd measure Each sample 95 .. 
oCcompl-) 

Record IIDd vaify ID elcc!ron diffrac:tion J1111ern I per S samples 80'IIo a:curat:y 
olstructure 

~lions and liiDd cM:ulllion oiiii1Dnllled d8la reduclion I per 100 samples 85 .. 
.. ftlllut:lion pocedule ar iDdqJendent leCIIntldion ol hand-

calcullled .. 
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1. Wben the samples arrive at the labora
tory, check the samples and documentation 
for completeness and requirements before 
Initiating the analysis. 

2. Check all laboratory reagents and sup
piles for acceptable asbestos background lev
els. 

3. Conduct all sample preparation In a 
clean room environment monitored by lab
oratory blanks. 'resting with blanks must 
also be done after cleaning or servicing the 
room. 

4. Prepare multiple grids or each sample. 
5. Provide laboratory blank& wltb each 

sample batch. Maintain a cumulative aver
age of these results. If there are more than 53 
fiberatmm 2 per 10 200-mesb grid openings, the 
system must be checked for possible sources 
or contamination. 

6. Perform a system check on the trans
mission electron microscope dally. 

1. Make periodic performance checks or 
magnlflcatlon, electron diffraction and en
ergy dispersive X-ray systems as set forth in 
Table m under Unit ll.l. 

8. Ensure quallfied operator performance 
by evaluation or repllcate analysis and 
standard sample comparisons as set forth in 
Table m under Unit ll.I. 

9. Valldate all data entries. 
10. Recalculate a percentage of all com

putations and automatic data reduction 
steps as specified in Table m under Unit ll.I. 

11. Record an electron diffraction pattern 
or one asbestos structure from every five 
samples that contain asbestos. VerifY the 
Identification of the pattern by measure
ment or comparison or the pattern with pat
terns collected from standards under the 
same conditions. The records must also dem
onstrate that the Identification or the pat
tern bas been verified by a quallfled Individ
ual and that the operator who made the 
identification Is maintaining at least an 80 
percent correct visual Identification based 
on bts measured patterns. 

12. Appropriate logs or records must be 
maintained by the analytical laboratory 
verifYing that it is In compllance wltb the 
mandatory quality assurance procedures. 

J. References 

For additional background Information on 
this method, the following references should 
be consulted. 

1. "Guidance for Controll1ng Asbestos-Con
taining Materials in Bulldings," EPA 5601&-
11&-024, June 11185. 

2. "Measuring Airborne Asbestos Following 
an Abatement Action," USEPA, Office or 
Pollution Prevention and Toxlcs, EPA 60014-
85-{149, 1985. 

3. Small, John and E. Steel. Asbestos 
Standards: Materials and Analytical Meth
ods. N.B.S. Special Publlcatlon 619, 19112. 

4. Campbell. W.J., R.L. Blake, L.L. Brown, 
E.E. Cather, and J.J. Sjoberg. Selected Sill-

Pl. 763, Subpt. E, App. A 

cate Minerals and Their Asbestiform Vari
eties. Information Circular 8'751, U.S. Burea'u 
of Mines, 1m. 

5. Quality Assurance Handbook for Air Pol
lution Measurement System. Ambient Air 
Methods, EPA 600/4-Tl-OO'la, USEPA, Office of 
Research and Development, 19'11. 

6. Method 2A: Direct Measurement of Gas 
Volume through Pipes and Small Ducts. 40 
CFR Part 60 Appendix A. 

1. Burdette, G.J., Health & Safety Exec. 
Research & Lab. Services Dlv., London, 
"Proposed Analytical Method for Determina
tion of Asbestos In Air." 

8. Chatfield, E.J .. Chatfield Tech. Cons., 
Ltd., Clark, T., PEl Assoc., "Standard Oper
ating Procedure for Determination or Air
borne Asbestos Fibers by Transmission Elec
tron Microacopy Using Polycarbonate Mem
brane Fllters," WERL SOP 8'7-1, March 5, 
1987. 

9. NIOSH Method 1402 for Asbestos Fibers. 
12-11-M Draft. 

10. Yamate, G., Agarwall, S.C., Gibbons, 
R.D., llT Research Institute, "Methodology 
for the Measurement of Airborne Asbestos by 
Electron Microscopy," Draft report, USEPA 
Contract 118-{12-,1266, July 1984. 

11. "Guidance to the Preparation of Qual
Ity Assurance Project Plans,'' USEPA, Office 
of Pollution Prevention and Toxlcs, 1984. 

1/1. Nonmandato111 Tra711mlulon Electron 
MlcrOIICOflll Method 

A. Definitions of Terms 

1. Analt~tlcal seruitlvltJI-Airborne asbestos 
concentration represented by each fiber 
counted under the electron microscope. It is 
determined by the air volume collected and 
the proportion or the fllter examined. This 
method requires that the analytical sensitiv
ity be no greater than 0.005 Blcma. 

2. A:~bestlform-A spectnc type or mineral 
flbrosity in which the fibers and fibril& pos
sess blgh tenalle strength and fiexlblllty. 

a. Aspect ratio-A ratio or the length to the 
width or a particle. Minimum aspect ratio as 
defined by this method Is equal to or greater 
than 5:1. 

4. Bundle-A structure composed of three 
or more fibers In a parallel arrangement 
wlth each fiber closer than one fiber diame
ter. 

6. Clean area-A controlled environment 
which is maintained and monitored to assure 
a low probablllty or asbestos contamination 
to materials in that space. Clean areas used 
In this method have HEPA mtered air under 
positive pressure and are capable or sus
tained operation with an open laboratory 
blank which on subsequent analysis has an 
average or less than 18 structurel!lmml In an 
area or 0.057 mma (nominally 10 200 mesh grid 
openings) and a maximum or 53 structures/ 
mmt for no more than one single preparation 
for that same area. 

"10 
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6. Cluster-A structure with fibers In a ran
dom arrangement such that all Obers are 
intermixed and no single nber Is Isolated 
from the group. Groupings must have more 
than two Intersections. 

'1. ED-Electron diffraction. 
1. EDXA-Energy dispersive X-ray analy

sis. 
9. Fibn-A etructure greater than or equal 

to 0.5 lUll In length with an aepect ratio 
(lencth to width) of 5:1 or creater and bavlng 
eubltantlally pa.ra)Jeleldee. 

10. Gnct-An open etructure for mounting 
on the sample to aid In its examination In 
the TEM. The term Is uaed here to denote a 
100-meeh copper lattice approxtmately 3 mm 
in diameter. 

11. InterJection-Nonparallel touching or 
croastng of flbere, w1tb the proJection having 
an aepect ratio of &:1 or greater. 

12. LaborGtD'1/ 1G111Ple coordinator-That per
IOD reepona1ble for the conduct of sample 
baDdllng and the certlncatlon of the testing 
proceduree. 

13. Filter background level-The concentra
tion or atructuree per aquare mllltmeter of 
filter that Ia conaldered lndllltliiJlllehable 
from the concentration measured on blanks 
(flltere thro~h which no air bae been 
drawn). For thla method the filter back
rround level Ia defined u 'lO atructlll'8lllmm2. 

14. Matriz-Fiber or flbere with one end 
tree and the other end embedded In or hidden 
by a particulate. The exposed Ober must 
meet the fiber deflnltlon. 

IIi. NSD-No structure detected. 
11. Operator-A person reaponalble for the 

TEJilnatnunental analyala of the sample. 
1'1. PCM-Pbue contrast mlcroacopy. 
11. SAED-Selectecl area electron diffrac

tion. 
19. SEM-8cann1ng electron microscope. 
:Ill. STBM-8cann1ng traD8mlaalon electron 

mlcroecope. 
21. Strudure--a microacopic bundle, clus

ter, fiber, or matrlJ: whlcb may contain u
beatoa. 

21. 8fcmL-Structuree per cubic centimeter. 
23. ShMlZ-Structurea per IIQU&re mllllma

ter. 
lit. TEM--Tranamlaalon electron micro

scope. 

B. Sampling 

1. Sampling operations must be performed 
by qualified lndlviduala completely Inde
pendent or the abatement contractor to 
avoid poaatble oon1lict of lntereet (See Ref-

40 CFR Ch. I (7-1-93 EdiHon) 

erences 1, 2. and 6 or Unit m.L.) Special pre
cautions should be taken to avoid contami
nation or the B&Jnple. For eumple, materials 
that have not been prescreened Cor their as
bestos background content should not be 
uaed; also, B&Jnple handling procedures which 
do not take croaa contamination possibilities 
Into account should not be used. 

2. Material and supply checks Cor aebestoll 
contamination should be made on all critical 
supplies, reagents, and procedures before 
their uae In a monitoring study. 

3. Quality control and quality as&urance 
steps are needed to Identify problem areae 
and Isolate the cause of the contamination 
(1188 Reference 5 of Unit m.L.). Control 
checlal shall be permanently recorded to doc
ument the quality of the Information pro
duced. The samplln&" nrm must bave written 
quality control procedures and documents 
whlch verify compliance. Independent audits 
by a qualified consultant or nrm should be 
performed once a year. All documentation or 
compliance 11hould be retained lndeOnltely 
to proYlde a guarantee or quality. A sum
mary of Sample Data Quality Objectives Is 
shown In Table D of Unit D.B. 

t. 8ampliJI8' materials. 
a. Sample ror airborne aebeatoa following 

an abatement action ualng commercially 
available cuaettes. 

b. Uae either a cowllnc or a Dlter-retaining 
middle piece. Conductive material may re
duce the potential for particulates to adhere 
to the walla or the cowl. 

c. Caaaettea must be verified u "clean" 
prior to Ull8 in the neld. u packaged nltere 
are used ror loading or preloade4 cusettea 
are purchased from the manufacturer or a 
distributor, the manufacturer's name and lot 
number should be entered on all field data 
abeeta proYlded to the laboratory, and are re
quired to be listed on all reports from the 
laboratory. 

d. Alll8mble the cuaettea In a clean racll
lty <See defln1tion or clean area under UD1t 
m.A.). 

e. Reloading or uaed cuaettes Ia not per
mitted. 

r. Uae sample collection Dltere which are 
either polycarbonate having a pore Blse or 
leaa than or equal to 0.4 pm or milled cel
lul0118 eater having a pore BIM or 1888 than or 
equal to 0.45 I&IJl. 

g. Place theae nltera in aeries wtth a 
backup niter with a pore Blse or &.0 Jllll (to 
serve u a dlfl'uaer) and a support pad. See 
the following Figure 1: 

Environmental Protection Agency 
Pf. 763, Subpt. E, App. A 

FIGURE I--SAMPLING CASSETTE CONFIGURATION 

-----'[Casseue Cap J 

Extension Cowl 
or 

Retainer Ring 

,,-----Jl~ 0.4 J.Un pore PC filter or ] 
_ ~ 0.45 JUn pore MCE filter _ 

[ S JUI1 MCE Diffuser J 
----~{ Suppon Pad I 

[ Olsseae Base I 
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b. When polycarbonate Cllters are used. po
sition the highly reflective face such that 
the Incoming particulate Is received on this 
surface. 

1. Seal the cassettes to prevent leakage 
around the niter edges or between cassette 
part joints. A mechanical press may be use
ful to achieve a reproducible leak-free seal. 
Shrink fit gel-bands may be used for this 
purpose and are available from Cllter manu
facturers and their authorised distributors. 

J. Use wrinkle-free loaded cassettes In tlle 
sampling operation. 

5. Pump setup. 
a. Calibrate the sampling pump over the 

ra11ge or now rates and loads anticipated for 
the monitoring period with this now measur
Ing device In series. Perform this calibration 
using guidance from EPA Method 2A. each 
time the unit Is sent to the field (See Ref
erence 6 of Unit m.L.). 

b. Configure the sampling system to pre
clude pump vibrations from being transmit
ted to the cassette by using a sampling stand 

40 CFR Ch. I (7-1-93 Edition) 

separate from the pump station and making 
connections with flexible tubing. 

c. Maintain continuous smooth flow condi
tions by damping out any pump action fluc
tuations If nece8118IY. 

d. Check the sampling system for leaks 
with the end cap still In place and the pump 
operating before Initiating sample collec
tion. Trace and stop the source of any flolll 
Indicated by the flowmeter under these con
ditions. 

e. Select an appropriate flow rate equal to 
or greater than 1 L'mln or Jess than 10 L/mln 
for 25 mm cassettes. Larger filters may be 
operated at proportionally higher now rates. 

f. Orient the cassette downward at approxi
mately 45 degrees from the horizontal. 

g. Maintain a log of all pertinent sampling 
Information. such as pump Identification 
number. calibration dsta. sarr.ple location, 
date. sample Identification number, flow 
rates at the beginning. middle, and end, start 
and stop times. and other useful Information 
or comments. Use of a sampling log form Is 
recommended. See the following Figure 2: 
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FIGURE 2--SAMPLING LOG FORM 

Sample 
Number Location of Sample 

Pump 
ID 

Stan 
1i une 

Inspector:----------------
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h. Initiate a chain of custody procedure at 
he start of each sampling, if this is re-
tuested by the client. 

1. Maintain a close check of all aspects of 
.he sampling operation on a regular basis. 

40 CFR Ch. I (7-1-93 Edition) 

j. Continue sampling until at least the 
minimum volume is collected, as specified in 
the following Table 1: 
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I 
I 

Recommended 
Volume 
Range 

I 

TABLE 1--NUM~ER OF 200 MESH EM GRID OPENINGS 
(0.0057 MM I THAT NEED TO BE ANALYZED TO 

MAINTAIN SENSITIVITY OF 0.005 STRUCTURES/CC 
BASED ON VOLUME AND EFFECTIVE FILTER AREA 

EHectlve Filler Area 
385111 rnm 

Volume IIIII • of arid -iilM! 
560 Z.f 
600 23 
700 19 
800 17 
900 15 

1,000 14 
1.100 12 

1,200 11 
1,300 10 
1,COO 10 
1,100 • 1,100 • 1,700 • 1,100 • 1,900 7 
2,000 7 
2,100 I 
2,200 I 
2,300 8 
2,400 8 
2,500 5 
2,100 5 
2,700 I 
2,800 5 
2,100 5 
3,000 I 
3.100 .. 
3,200 4 
3,300 4 
3,400 4 
3,500 4 
3.100 4 
3,700 4 
3100 4 

Noee "**""" w*lnwa '*~Jftd: 
·- :1110 ... 3711'111 :1250 .... 

Volume IHers 
r.z5o 
1,300 
1,400 
1,800 
1,800 
2,000 
2.200 
2,400 
2,100 

1,100 
1,000 
1,100 
1,400 
1,100 
1,100 
4,000 
4,200 
4,400 
4,100 
4,800 
5,000 
5,200 
5,400 
5,800 
5,100 
8,000 
8,200 
8,400 
8,800 
1,100 
7,000 
7,200 
7,400 
7800 

Flier cllmlllr 1112511'111• lllec!M na 111• .. rnm 
Flier cllmlltr 11137 rnm • lllec:IM na 111155 .. """ 
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EHectlve Fl•er Area 
855111 rnm 

• of mid ooenlrio! 
Z.f 
23 
21 
19 
17 
15 
14 
13 
12 
11 
10 

• • • • • 7 
7 
7 
8 
8 
I 
8 
5 
5 
5 
5 
I 
5 
4 
4 
4 
4 
4 

I 
I 

Recommended 
Volume 
Range 

I 
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k. At the conclusion of sampling, turn the 
cassette upward before stopping the flow to 
minimize possible particle loss. If the sam
Pling Is resumed, restart the flow before 
reorienting the cassette downward. Note the 
condition of the filter at the conclusion of 
sampling. 

1. Double check to see that all Information 
has been recorded on the data collection 
forms and that the cassette Is securely 
clc•Jed and appropriately Identified using a 
waterproof label. Protect cassettes In lndl-
1rldual clean resealed polyethylene bags. 
Bags are to be used for storing cassette caps 
when they are removed for sampling pur
poses. Caps and plugs should only be re
moved or replaced using clean hands or clean 
disposable plastic gloves. 

m. Do not change containers If portions of 
these filters are taken for other purposes. 

6. Minimum sample number per site. A 
minimum of 13 samples are to be collected 
for each testing consisting of the following: 

a. A minimum of five samples per abate
ment area. 

b. A minimum of flve samples per ambient 
area positioned at locations representative 
of the air entering the abatement site. 

c. Two field blanks are to be taken by re
moving the cap for not more than 30 sec and 
l"dplaclng It at the time of sampling before 
sampling Is Initiated at the following places: 

I. Near the entrance to each ambient area. 
11. At one or the ambient sites. 

(NOTE: Do not leave the blank open during 
the sampling period.) 

d. A sealed blank Is to be carried with each 
sample set. This representat11re cassette Is 
not to be opened In the field. 

7. Abatement area sampling. 
a. Conduct final clearance sampling only 

after the primary containment barriers have 
been removed; the abatement area has been 
thoroughly dried; and. It has paSBed visual 
Inspection tests by qualified personnel. (See 
Reference 1 of Unit ill.L.) 

b. Containment barriers over windows, 
doors. and air passageways must remain In 
place until the TEM clearance sampling and 
analysis Is completed and results meet clear
ance test criteria. The final plastic barrier 
remains In place for the sampling period. 

c. Select sampling sites In the abatement 
area on a random basis to provide unbiased 
and representative samples. 

d. After the area has passed a thorough vis
ual Inspection, use aggressive sampling con
ditions to dislodge any remaining dust. 

1. Equipment used In aggressive sampling 
such as a leaf blower and/or fan should be 
properly cleaned and decontaminated before 
use. 

11. Air filtration units shall remain on dur
ing the air monitoring period. 

40 CFR Ch. I (7-1-93 Edition) 

111. Prior to air monitoring, floors, ceiling 
and walls shall be swept with the exhaust of 
a minimum one (1) horsepower leaf blower. 

tv. Stationary fans are placed In locations 
which will not Interfere with air monitoring 
equipment. Fan air Is directed toward the 
cell1ng. One ran shall be used for each 10,000 
ft~ of workslte. 

v. Monitoring of an abatement work area 
with high-volume pumps and the use of cir
culating fans will require electrical power. 
Electrical outlets In the abatement area 
may be used If available. If no such outlets 
are available. the equipment must be sup
plied with electricity by the use of extension 
cords and strip plug units. All electrical 
power supply equipment of this type must be 
approved Underwriter Laboratory equipment 
that has not been modified. All wiring must 
be grounded. Ground fault Interrupters 
should be used. Extreme care must be taken 
to clean up any residual water and ensure 
that electrical equipment does not become 
wet while operational. 

vi. Low volume pumps may be carefully 
wrapped In 6-mll polyethylene to Insulate 
the pump from the air. High volume pumps 
cannot be sealed In this manner since the 
heat of the motor may melt the plastic. The 
pump exhausts should be kept free. 

vii. If recleaning Is neressary, removal of 
this equipment from the work area must be 
handled with care. It Is not possible to com
pletely decontaminate the pump motor and 
parts since these areas cannot be wetted. To 
minimize any problems In this area, all 
equipment such as fans and pumps should be 
carefully wet wiped prior to removal from 
the abatement area. Wrapping and sealing 
low volume pumps In 6-mll polyethylene will 
provide easier decontamination of this 
equipment. Use of clean water and disposable 
wipes should be available for this purpose. 

e. Pump now rate equal to or greater than 
1 Llmln or less than 10 Llmln may be used for 
25 mm cassettes. The larger cassette diame
ters may have comparably Increased flow. 

f. Sample a volume or air sufficient to en
sure the minimum quantltatlon limits. (See 
Table I of Unit ill.B.5.j.) 

8. Ambient sampling. 
a. Position ambient samplers at locations 

representative of the air entering the abate
ment site. If makeup air entering the abate
ment site Is drawn from another area of the 
building which Is outside of the abatement 
area, place the pumps In the building, pumps 
should be placed out or doors located near 
the building and away from any obstructions 
that may Influence wind patterns. If con
struction Is In progress Immediately outside 
the enclosure. It may be necessary to select 
another ambient site. Samples should be rep
resentative of any air entering the work site. 

b. Locate the ambient samplers at least 3 
ft apart and protect them from adverse 
weather conditions. 
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c. Sample same volume of air a.s samples 
taken Inside the abatement site. 

C. Sample Shipment 

1. Ship bulk samples In a separate con
tainer from air samples. Bulk samples and 
air samples delivered to the analytical lab
oratory In the same container shall be re
jected. 

2. Select a rigid shipping container and 
pack the cassettes upright In a noncontaml
natlng nonflbrous medium such as a bubble 
pack. The use of resealable polyethylene 
bags may help to prevent Jostling of Individ
ual cassettes. 

3. Avoid using expanded polystyrene be
cause of Its static charge potential. Also 
avoid using particle-based packaging mate
rials because of possible contamination. 

4. Include a shipping bill and a detalled 
llstlng of samples shipped, their descriptions 
and all Identifying numbers or marks, sam
pling data, shipper's name, and contact In
formation. For each sample set, designate 
which are the ambient samples, which are 
the abatement area samples, which are the 
field blanks, and which Is the sealed blank If 
sequential analysis Is to be performed. 

5. Hand-carry samples to the laboratory In 
an upright position If possible; otherwise 
choose that mode of transportation least 
likely to Jar the samples in transit. 

6. Address the package to the laboratory 
sample coordinator by name when known 
and alert him or her of the package descrip
tion, shipment mode, and anticipated arrival 
as part of the chain of custody and sample 
tracking procedures. This will also help the 
laboratory schedule timely analysts for the 
samples when they are received. 

D. Quality Control/Quality Assurance 
Procedures !Data Quality Indicators) 

Monitoring the environment for airborne 
asbestos requires the use of sensitive sam
pling and analysts procedures. Because the 
test Is sensitive, It may be Influenced by a 
variety of factors. These Include the supplies 
used In the sampling operation, the perform
ance or the sampling, the preparation of the 
grid from the filter and the actual examina
tion of this grid In the microscope. Each of 
these unit operations must produce a prod
uct of defined quality If the analytical result 
Is to be a reliable and meaningful test result. 
Accordingly, a series of control checks and 
reference standards Is performed along with 
the sample analysis as Indicators that the 
materials used are adequate and the oper
ations are within acceptable Umlta. In this 
way, the quality of the data Is defined, and 
the results are of known value. These checks 
and tests also provide timely and specific 
warning of any problems which might de
velop within the sampling and analysts oper
ations. A description of these quality con-
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trollquallty aSBurance procedilres Is summa
rized In the text below. 

1. Prescreen the loaded cassette collection 
filters to assure that they do not contain 
concentrations of asbestos which may Inter
fere with the analysis of the sample. A filter 
blank average of less than 18 Blmm2 In an 
area of 0.057 mm2 (nomInally 10 200-mesh grid 
openings) and a maximum of 53 a1mm2 Cor 
that same area for any single preparation Is 
acceptable for this method. 

2. Calibrate sampling pumps and their flow 
Indicators over the range of their Intended 
use with a recognized standard. Assemble the 
sampling system with a representative fil
ter-not the filter which w11J be used In sam
pling-before and after the sampling oper
ation. 

3. Record all calibration Information with 
the data to be used on a standard sampling 
form. 

4. Ensure that the samples are stored In a 
secure and representative location. 

5. Ensure that mechanical calibrations 
from the pump will be minimized to prevent 
transferral of vibration to the cassette. 

6. Ensure that a continuous smooth now of 
negative pressure Is delivered by the pump 
by Installing a damping chamber If nec
essary. 

7. Open a loaded cassette momentarily at 
one of the Indoor sampling sites when sam
pling Is Initiated. This sample will serve as 
an Indoor field blank. 

8. Open a loaded cassette momentarily at 
one of the outdoor sampling sites when sam
pling Is Initiated. This sample will serve as 
an outdoor field blank. 

9. Carry a sealed blank Into the field with 
each sample series. Do not open this cassette 
In the field. 

10. Perform a leak check of the sampling 
system at each Indoor and outdoor sampling 
site by activating the pump with the closed 
sampling cassette In line. Any flow Indicates 
a leak which must be eliminated before Initi
ating the sampling operation. 

11. Ensure that the sampler Is turned up
right before Interrupting the pump now. 

12. Check that all samples are clearly la
beled and that all pertinent Information bas 
been enclosed before transfer of the samples 
to the laboratory. 

E. Sample Receiving 

I. Designate one Individual as sample coor
dinator at the laboratory. While that Indi
vidual will normally be available to receive 
samples, the coordinator may train and su
pervise others In receiving procedures for 
those times when he/she Is not available. 

2. Adhere to the following procedures to 
ensure both the continued chain-of-custody 
and the accountability of all samples passing 
through the laboratory: 

a. Note the condition or the shipping pack
age and data written on It upon receipt. 
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b. Retain all bills of lading or shipping 
slips to document the shipper and delivery 
time. 

c. Examine the chain-of-custody seal, If 
any, and the package for Its Integrity. 

d. H there bas been a break In the seal or 
substantive damage to the package, the aam
ple coordinator aball hnmedlately notify the 
ablpper and a responsible laboratory man
ager before any action Ia taken to unpack 
the shipment. 
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e. Packages with significant damage shall 
be accepted only by the responsible labora
tory manager after discussions with the cli
ent. 

3. Unwrap the shipment In a clean, 
uncluttered facUlty. The sample coordinator 
or his or her designee wlll record the con
tents, Including a description of each Item 
and all Identifying numbers or marks. A 
Sample Receiving Fonn to document this ln
ronnatlon Is attached for use when nec-
8881LJ"Y. (See the following Figure 3.) 

Environmental Protection Agency Pl. 763, Subpt. E, App. A 

FIGURE 3--SAMPLE RECEIVING FORM 

Date of package delivery -------

~~ ------------------------
Package shipped from-------

Shipping bill ~tained ---------

•Condition of package on Reeipt, _____________________ _ 

•condition of custody seal ------------------------

Number of samples received------

Purchase Order No. 

Shipping manifest attached ------

Project I.D. -------------
Co~nts _____________________________ _ 

S~mplina Sampled 
Mcdj!IQ Y1111i1z 

Dcs;riptjon 8: MCe ..Lilm._ 

2 

3 

4 

6 

7 

I 

9 

10 

II 

12 

13 
(Use as many additional sheeiS as needed:) 

Conunents _______________________________ __ 

Date of acceplAIICC into sample bank----------------------
Signature of chain-of-custody ~ipient ___________________ _ 

Disposition of samples ________________________ __ 

•Noce: If lhe pKkqe has sallained sublllrtiW damqe or die CUIIOdy lUI is llrdtcn.llcp a taniKtlhe project 
manaaer Uld die shipper: 
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NOTE: The person breaking the cbaln-of
ctlatodY seal and Itemizing the contents aaawnes responalbllity for the shipment and 
signa docllmenta accordingly. 

r. Store the three grids to be measured In appropriately labeled grid holders or poly
ethylene capsules. 

4. Assign a laboratory number and sched
ule an analysis sequence. 

li. Manage all chain-of-custody samples within the laboratory such that their Integ
rity can be ensured and documented. 

F. Sample Preparation 
1. Personnel not affiliated with the Abate

ment Contractor shall be used to prepare samples and conduct TEM analysis. .Wetwipe the exterior of the cassettes to minimize contamination poselbllltles before takIng them to the clean sample preparation ra
clllty. 

2. Perform sample preparation In a well-
equipped clean facilitY. 

NOTE: The clean area Is required to have the following minimum characteristics. Tbe area or hood must be capable of maintaining a positive pressure with make-up air being HEPA filtered. Tbe cumulative analytical blank concentration must average leas than 18 Blmm2 In an area of 0.057 s1mm2 (nominally 10 ~mesh grid openings) with no more than one single preparation to exceed 53 sJmm2 for 
that same area. 

3. Preparation areas for air samples must be separated from preparation areas for bulk samples. Personnel must not prepare air samples If they have previously been preparIng bulk samples without performing appropriate personal hygiene procedures, I.e., 
clothing change, showering, etc. t. Preparation. Dlrect preparation techniques are required. The objective Is to produce an Intact carbon Cllm containing the part.lculates from the filter surface which Is aumclently clear for TEM analysis. Currently recommended direct preparation procedures for polycarbonate !PC) and mixed cellulose eater (MCE) Olters are described In Unit m.F.7. and 8. Sample preparation Ia a subject requiring additional research. Variation on those atepe which do not substantively change the procedure. which Improve filter clearing or which reduce contamination problema In a laboratory are per
mitted. 

a. Use only TEM grids that have had grid opening areas measured according to direc
tions In Unit m.J. 

b. Remove the Inlet and outlet plugs prior to opening the cassette to mlnlmbe any 
pressure differential that may be present. c. Examples of techniques used to prepare poJycarbonate nJters are described In Unit 
mF.7. 

d. Examples or technlqtles used to prepare mixed ceJlulose eater filters are described In 
UnltiD.F.8. 

e. Prepare multiple grlda for each sample. 

6. Equipment. 
a. Clean area. 
b. Tweezers. Fine-point tweezers for han-

dUng of filters and TEM grids. c. Scalpel Holder and Curved No. 10 Sur-
gical Blades. 

d. Microscope slides. 
e. Double-coated adhesive tape. 
f. Gummed page reinforcements. 
g. Micro-pipet with disposal tips 10 to 100 

pL variable volume. 
h. Vacuum coating unit with facilities for evaporation of carbon. Use of a liquid nitrogen cold traP above the diffusion pump will minimize the possibility of contamination of the filter surface by oil from the pumping system. The vacuum-coating unit can also be used for deposition of a thin fllm of gold. I. Carbon rod electrodes. Spectrocbemlcally pure carbon rods are required for use In the vacuum evaporator for carbon coating of fil

ters. 
j. Carbon rod 1harpener. Tbls Is used to sharpen carbon rods to a neck. The use of necked carbon rods (or equivalent) allows the carbon to be applied to the filters with a 

minimum of heating. 
k. Low-wnperature plasma 1J3her. This Is used to etch the surface of collapsed mixed cellulose ester <MCE) ruters. The asher should be supplied with oxygen, and should be modified as necellll&.fY to provide a throttle or bleed valve to control the speed of the vacuum to minimize disturbance of the filter. Some early models of ashers admit air too rapidly, which may disturb particulates on the surface of the niter during the etch

Ing step. 
1. Glan petri dishes, 10 em in diameter, I em high. For prevention of excessive evaporation of solvent when these are In use, a good seal must be provided between the base and the Ud. The seal can be Improved by grinding the base and Jld together with an abrasive grind

Ing material. 
m. Stainless steel mesh. 
n. Lena tlsaue. 
o. Copper :110-mesh TEM grids. 3 mm in dl· 

ameter, or equivalent. 
p. Gold ?nO-mesh TEM grids, 3 mm In diam-

eter, or equivalent. 
q. Condensation washer. 
r. Carbon-coated, ~mesh TEM grids. or 

equivalent. 
a. Analytical balance, 0.1 mg sensitivity. 
t. Filter paper, 9 em In diameter. 
u. Oven or elide warmer. Must be capable of maintaining a temperature of 66-70 •c. v. Polyurethane foam, 6 rrun thickness. 
w. Gold wire for evaporation. 
6. Reagents. 
a. General. A supply of ultra-clean, fibertree water must be available for washlnr or all components used In the analysis. Water 
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that has been distilled In glass or nltered or delonlud ·water Is satisfactory for this purpose. Reagents must be fiber-tree. 
b. Polycarbonate preparation methodchloroform. 
c. Mixed Cellulose Ester (MCE) preparation method-acetone or the Burdette procedure (Ref. 7ofUnltlli.L.l. 
7. TEM specimen preparation from polycarbonate filters. 
a. Specimen preparation laboratoT]I. It Is most Important to ensure that contamination or TEM specimens by e:rtraneous asbestos fibers Ia minimized during preparation. b. Cleaning of sample cassettes. Upon receipt at the analytical laboratory and before they are taken Into the clean facility or lamInar flow hood, the sample cassettes must be cleaned of any contamination adhering to the outside surfaces. 
c. Preparation of the carbon evaporator. IC the polycarbonate filter baa already been carbon-coated prior to receiPt. the carbon coating step will be omitted, liDless the analyst beJleves the carbon film Is too thin. IC there Is a need to apply more carbon. the filter will be treated In the same way as an uncoated filter. Carbon coating must be performed with a high-vacuum coating unit. Units that are based on evaporation of carboo Cllaments In a vacuum generated only by an oil rotary pump have not been evaluated for this application. and must not be used. The carbon rods shollld be sharpened by a carbon rod sharpener to necks of about t mm long and 1 mm In diameter. The rods are Installed In the evaporator In such a manner that the points are approximately 10 to 12 em from the surface of a microscope slide held In the rotating and tilting device. 

d. Selection of filter area for carbon coatIng. Before preparation of the OJters, a 75 mm x 50 mm microscope slide Is washed and dried. This slide Is used to support strips of filter during the carbon evaporation. Two parallel strips of double-sided adhesive tape are applied along the length of the slide. Polycarbonate filters are easily stretched during handling, and cutting or areas for further preparation must be performed with great care. The filter and the MCE backing filter are removed together from the caasette and placed on a cleaned glass microscope slide. The filter can be cut with a curved scalpel blade by rocking the blade from the point placed In contact with the filter. The process can be repeated to cut a strip approximately 3 mm wide across the diameter of the filter. The strip of polycarbonate filter Is separated from the corresponding strip of backlog flJter and carefully placed 10 that It bridges the gap between the adheaJve tape strips on the microscope slide. The Olter strip can be held with nne-point tweeaera and supported underneath by the scalpel blade during placement on the microscope slide. The analyst can place sevetal such 
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strips on the same microscope slide. taking care to rinse and wet-wipe the scalpel blada and tweezers before handling a new sample. The filter strips should be Identified by etch· lng the glass sJide or marking the slide using a marker Insoluble In water and solvents. After the filter strip bas been cut from each filter, the residual parts of the filter must be returned to the cassette and held In position by reasaembly of the cassette. The cassette will then be archIved for a period of :ll days or returned to the cJient upon request. 

e. Carbon coating of filter strips. The glass slide holding the filter strips Is placed on the rotation-tilting device, and the evaporator chamber Ia evacuated. The evaporation must be performed In very short bursts, separated by some seconds to allow the electrodes to cool. If evaporation Is too rapid, the strips of polycarbonate filter w111 begin to curl, which will lead to cross-linking of the surface material and make It relatively Insoluble In chloroform. An experienced analyst can judge the thickness of carbon film to be applled, and some teat should be made first on unused filters. If the film Ia too thin, large particles w111 be lost from the TEM specimen, and there will be few complete and undamaged grid openings on the specimen. If the coating Is too thick, the filter will tend to curl when exposed to chloroform vapor and the carbon film may not adhere to the support mesh. Too thick a carbon film will also lead to a TEM Image that Is lacking In contrast, and the ability to obtain ED patterns will be compromised. Tbe carbon rum should be as thin as possible and remain Intact on moat of the grid openings of the TEM specimen Intact. 
f. Preparation of the Jaffe washer. The preelse design of the Jaffe washer Is not considered Important, so any one of the publlshed designs may be used. A washer consisting of a simple stainless steel bridge Is recommended. Several pieces or lens tissue ap.. proximately 1.0 em x 0.6 em are placed on the stainless steel bridge, and the washer Is filled with chloroform to a level where the meniscus contacts the underside of the mesh, which results In saturation of the lens tissue. See References 8 and 10 or Unit m.L. g. Placing of specimens Into the Jaffe washer. Tbe TEM grids are first placed on a piece of lens tlBSue so that Individual grids can be picked up with tweezers. Using a curved scalpel blade, the analyst excises tbree 3 mm square pieces of the carbon-coated poJycarbonate fllter from the filter strip. The three squares are selected from the center of the strip and from two points between the outer periphery or the active surface and the center. The piece or filter Is placed on a TEM. specimen grid with the shiny side of the TEM grid facing upwards, and the whole assembly Is placed boldly onto the saturated lens tlsaue In the Jaffe washer. IC carboncoated grids are used, the filter should be 
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placed carbon-coated side down. The three 
excised squares of filters are placed on the 
same piece of lens tissue. Any number of sep.. 
arate pieces of lens tissue may be placed In 
the same Jaffe washer. The Ud Is then placed 
on the Jaffe washer, and the system is al
lowed to stand for several hours. preferably 
overnight. 

h. Condensation washing. It has been round 
that many polycarbonate filters wUI not dis
solve completely In the Jaffe washer. even 
after being exposed to chloroform for as long 
as 3 days. This problem becomes more seri
ous 1f the surface of the niter was overheated 
during the carbon evaporation. The presence 
of undissolved filter medium on the TEM 
preparation leads to partial or complete ob
scuration of areas of the sample, and fibers 
that may be present In these areas of the 
specimen will be overlooked; this will lead to 
a low result. Undissolved filter medium also 
compromises the ablllty to obtain ED pat
terns. Before they are counted, TEM grids 
must be examined critically to determine 
whether they are adequately cleared of resid
ual filter medium. It has been found that 
condensation washing or the grids after the 
Initial Jaffe washer treatment, with chloro
form as the solvent. clears all residual filter 
medium in a period or approximately 1 hour. 
In practice. the piece of lens tissue support
Ing the specimen grids Is transferred to the 
cold !Inger of the condensation washer, and 
the washer is operated for about 1 hour. U 
the specimens are cleared satlsfactorJly by 
the Jaffe washer alone, the condensation 
washer step may be unnecessary. 

B. TEM specimen preparation from MCE 
filters. 

a. This method of preparing TEM speci
mens from MCE filters is simllar to that 
specified In NIOSH Method 7402. See Ref
erences 7, 8, and 9 of Unit m.L. 

b. Upon receipt at the analytical labora
tory, the sample cassettes must be cleaned of 
any contamination adhering to the outside 
surfaces before entering the clean sample 
preparation area. 

c. Remove a section from any quadrant of 
the sample and blank filters. 

d. Place the section on a clean microscope 
slide. Affix the filter section to the sllde 
with a gummed paged reinforcement or other 
suitable means. Label the slide with a water 
and solvent-proof marking pen. 

e. Place the slide In a petri dish which con
tains several paper filters soaked with 2 to 3 
mL acetone. Cover the dish. Walt 2 to t min
utes for the sample filter to fuse and clear. 

f. Plasma etching of the collaPBed Dlter Is 
required. 

i. The microscope slide to which the col
lapsed filter pieces are attached Is placed In 
a plasma asher. Because plasma ashen vary 
greatly In their performance, both from unit 
to unit and between different pollitlons In 
the asher chamber. It is dlrrtcult to sJ)8clfy 
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the conditions that should be used. This Is 
one area of the method that requires further 
evaluation. InsufC!clent etching will result In 
a failure to expose embedded filters, and too 
much etching may result in loss of particu
late from the surface. As an Interim mee.s
ure, It is recommended that the time for 
ashlng of a known weight of a collapsed fil
ter be established and that the etching rate 
be calculated In terms of micrometers per 
second. The actual etching time used for a 
particular asher and operating conditions 
will then be set such that a 1-2 pm (10 per
cent) layer of collapsed surface will be re
moved. 

II. Place the slide containing the collapsed 
filters Into a low-temperature plasma asher. 
and etch the filter. 

g. Transfer the slide to a rotating stage In
side the bell Jar of a vacuum evaporator. 
Evaporate a 1 mm x 5 mm section of graphite 
rod onto the cleared filter. Remove the slide 
to a clean, dry, covered petri dish. 

b. Prepare a second petri dlsb as a Jaffe 
washer with the wlcklng substrate prepared 
from filter or lens paper placed on top of a 6 
mm thick disk of clean spongy polyurethane 
foam. Cut a V-notch on the edge of the foam 
and filter paper. Use the V-notch as a res
ervoir for adding solvent. The wlcking sub
strate 11hould be thin enough to flt Into the 
petri dish without touching the lid. 

I. Place carbon-coated TEM grids face up 
on the Dlter or lens paper. Label the grids by 
marking with a pencil on the filter paper or 
by putting registration marks on the petri 
dish lid and marking with a waterproof 
marker on the dish lld. In a fume hood, fill 
the dish with acetone until the wlcklng sub
strate Is saturated. The level of acetone 
should be just high enough to saturate the 
filter paper without creating puddles. 

j. Remove about a quarter section or the 
carbon-coated filter samples from the glass 
slides using a surgical knife and tweezers. 
Carefully place the section of the filter, car
bon side down, on the appropriately labeled 
grid In the acetone-saturated petri dish. 
When all filter sections have been trans
ferred, slowly add more solvent to the wedge
shaped trough to bring the acetone level up 
to the highest possible level without disturb
Ing the sample preparations. Cover the petri 
dish. Elevate one side of the petri dlsb by 
placing a slide under lt. This allows drops of 
condensed solvent vapors to form near the 
edge rather than in the center where they 
would drip onto the grid preparation. 

G. TEM Method 

1. Instrumentation. 
a. Use an BG-120 kV TEM capable or per

forming electron diffraction with a fluores
cent screen Inscribed with calibrated grad&· 
tlons. U the TEM Ia equipped with EDXA It 
must either have a STEM attachment or be 
capable of producing a spot JellS than 250 nm 
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In diameter at crossover. The microscope 
shall be calibrated routinely (see UnJt m J ) 
for magnification and camera con.tant · · 

1 
b. While not required on every mlc~ope 

n the laboratory, the laboratory must have 
either one microscope equipped with energy 
dispersive X-ray analysis or access to an 
equivalent system on a TEM In another lab
oratory. This must be an Energy Dispersive 
X-ray Detector mounted on TEM column and 
associated hardware/software to collect 
save, and read out spectral Information' 
Calibration of Multi-Channel Analyser shali 
be checked regularly for AI at 1.48 KeV and 
Cu at 8.04 KeV • as well as the manuractu • 
procedures. rer s 
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I. Standard replica grating may be used to 
~~lne magnlflcatlon (e.g., 2160 llnelft 

II. Gold standard may be used to determine 
camera constant. 

c. Use a specimen holder with single tllt 
andlor double tilt capabilities. 

2. Procedure. 
a. Start a new Count Sheet for each sample 

to h_e analyzed. Record on count sheet: ana
lysts initials and date; lab sample number· 
client sample number microscope ldentltlca: 
tton; magnlncatlon for analysis; number of 
Predetermined gr:ld openings to be analyzed· 
and grid Identification. See the following' 
Figure 4: 
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Lab Somple No.------
Cii<nl Sample No. ____ _ 

Jnstrumenl J.D.-----

Ma&nificalion -------
Ace. Vol1a&e 

Struct\ft Suuct\ft 
00 No. Tme• 

SII'Ualft Structure 00 No. TYDC• 
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FIGURE 4--COUNT SHEET 
Filler Type ________ _ 

Filla Area----------------
Operuor ---------

O.o-----------------Grid J.D. ____________ _ Comrncnrao ________ _ 

Grid Openin& (001 Aroo --------
No GO 10 be Analyz.od -------

Lcnsth ED Obo..,.olion 

<~m ~~~m Chrvs. Aml'h. Nonarb. 

Lcnalh ED Qb...,lllion 

< ~~~m 2!~11m CllrYs. Arnllh. Nonub. 

EDAX 
N ... 1o 

Nca. 10 
EDAX 

•a =Bundle 
c~a ...... 
F =Fiber 
M ~ Malri• 

NFD • No libon -led 
N • No dif&oclioa oblainod 
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b. Check that the microscope Is properly 
aligned and calibrated according to the man
ufacturer's specifications and Instructions. 

c. Microscope settings: 110-120 kV, grid as
sessment 200-IOOOX, then 15,000-20,000X 
screen magnification for analysis. 

d. Approximately one-half (0.5) of the pre
determined sample area to be analyzed shall 
be performed on one sample grid preparation 
and the remaining half on a second sample 
grid preparation. 

e. Determine the suitability of the grid. 
I. Individual grid openings with greater 

than 5 percent openings (holes) or covered 
with greater than 25 percent particulate 
matter or obviously having nonuniform load
Ing shall not be analyzed. 

II. Examine the grid at low magnification 
(<1000X) to determine Its suitability for de
tailed study at higher magnifications. 

Ill. Reject the grid If: 
(I) Less than 50 percent of the grid open

Ings covered by the repltca are Intact. 
(2) It Is doubled or folded. 
(3) It Is too dark because of Incomplete dis

solution of the filter. 
lv. If the grid Is rejected, load the next 

sample grid. 
v. If the grid Is acceptable, continue on to 

Step 6 If mapping Is to be used; otherwise 
proceed to Step 7. 

f. Grid Map !Optional). 
I. Set the TEM to the low magnification 

mode. 
II. Use flat edge or finder grids for map

ping. 
111. Index the grid openings (fields) to be 

counted by marking the acceptable flelds for 
one-half (0.5) of the area needed for analysis 
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on each of the two grids to be analyzetl. 
These may be marked just before examining 
each grid opening (field), If desired. 

Jv. Draw In any details which will allow 
the grid to be properly oriented If It Is re- • 
loaded Into the microscope and a particular 
field Is to be reliably Identified. 

g. Scan the grid. 
I. Select a field to start the examination. 
II. Choose the appropriate magnification 

05,000 to 20,000X screen magnification). 
Ill. Scan the grid as follows. 
(I) At the selected magnification, make a 

series of parallel traverses across the field. 
On reaching the end or one traverse, move 
the Image one window and reverse the tra
verse. 

NOTE: A slight overlap should be used so as 
not to miss any part of the grid opening 
(field). 

(2) Make parallel traverses until the entire 
grid opening (field) has been scanned. 

h. Identify each structure for appearance 
and size. 

I. Appearance and size: Any continuous 
grouping of particles Jn which an asbestos 
fiber within aspect ratio greater than or 
equal to 5:1 and a length greater than or 
equal to 0.5 J1D1 Is detected shall be recorded 
on the count sheet. These will be designated 
asbestos structures and will be classified as 
fibers, bundles, clusters, or matrices. Record 
as Individual fibers any contiguous grouping 
having 0, I, or 2 definable Intersections. 
Groupings having more than 2 Intersections 
are to be deliCJ'lbed as cluster or matrix. See 
the following Figure 5: 
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FIGURE 5--COUNTING GUIDELINES USED IN 
DETERMINING ASBESTOS STRUCTURES 

Count as 1 fiber; 1 StrUcture; ro intersections. 

Q:l\mt as 2 fibers if space between fibers is greater than width of 1 fiber 
diarreter or nutber of intersections is equal to or less than 1 . 

Count as 3 structures if space tet:ween fibers is greater than width of 1 fiber 
diarreter or if ta! n\.lltJer of intersections is equal to or less than 2. 

Count OOndles as 1 structurei 3 or I!Dre parallel fibrils less 
than 1 fiber diarreter separation. 
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Co';U"'t clusters as 1 structure; fibers having greater than or """'"! to 
3 l.JltersectJ.ons. ~-

~· 
Count matrix as 1 structure. 

Fiber protrusion 
<5:1 Aspect Ratio No fiber protusion 

Fiber protrusion 
<0. 5 ruicraneter 

<0. 5 rnicraneter in length 
<5:1 Aspect ~tio 
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An Intersection Is a non-parallel touching or 
crossing of fibers, with the proJection having 
an aspect ratio of 5:1 or greater. Combina
tions such as a matrix and cluster, matrix 
and bundle, or bundle and cluster are cat
egorized by the dominant fiber quality-dus
ter, bundle, and matrix, respectively. Sepa
rate categories wlll be maintained for fibers 
less than 5 11ffi and for fibers greater than or 
equal to 5 11ffi In length. Not required, but 
useful, may be to record the fiber length In 
1 l1ffi Intervals. (Identify each structure 
morphologically and analyze It as It enters 
the "window".) 

(1) Fiber. A structure having a minimum 
length greater than 0.5 l1ffi and an aspect 
ratio (length to width) of 5:1 or greater and 
&libstantially parallel sides. Note the appear
ance of the end of the fiber, I.e., whether It 
Is flat, rounded or dovetailed, no Intersec
tions. 

(2) Bundle. A structure composed of 3 or 
more fibers In a parallel arrangement with 
each fiber closer than one fiber diameter. 

(3) Cluster. A structure with fibers In a ran
dom arrangement such that all fibers are 
Intermixed and no single fiber Is Isolated 
from the group; groupings must have more 
than 2 Intersections. 

(4) Matrlz. Fiber or Clbers with one end Cree 
and the other end embedded In or hidden by 
a particulate. The exposed fiber must meet 
the fiber definition. 

(5) NSD. Record NSD when no structures 
are detected In the field. 

(6) lntenection. Non-parallel touching or 
crossing of fibers, with the projection having 
an aspect ratio 5:1 or greater. 

11. Structure Measurement. 
(1) Recognize the structure that Is to be 

sized. 
(2) Memorize Its location In the "window" 

relative to the sides, Inscribed square and to 
other particulates In the field so this exact 
location can be found again when scanning Is 
resumed. 

(3) Measure the structure using the scale 
on the screen. 

(4) Record the length category and struc
ture type classification on the count sheet 
after the fleld number and flber number. 

(5) Return the fiber to Its original location 
In the window and scan the rest of the field 
Cor other fibers; If the direction of travel Is 
not remembered, return to the right side of 
the field and begin the traverse again. 

I. VIsual ldentlncatlon of Electron Diffrac
tion !ED) patterns Is required for each asbes
tos structure counted which would cause the 
analysis to exceed the 70 Blmma concentra
tion. (Generally this means the first four fi
bers Identified as asbestos must exhibit an 
Identifiable diffraction pattern for chrysotlle 
or amphibole.) 

I. Center the structure, focus, and obtain 
an ED pattern. (See Microscope Instruction 
Manual for more detailed Instructions.) 
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11. From a visual examination of the ED 
pattern, obtained with a short camera 
length, classify the observed structure as be
longing to one of the following classifica
tions: chrysotlle. amphibole, or nonasbestos. 

(1) Cbrysotlle: The chrysotlle asbestos pat
tern has characteristic streaks on the layer 
lines other than the central Une and some 
streaking also on the central line. There will 
be spots of normal sharpness on the central 
layer line and on alternate lines (2nd, 4th, 
etc.). The repeat distance between layer lines 
Is 0.53 nm and the center doublet Is at 0.73 
nm. The pattern should display (002), (110), 
(130) diffraction maxima; distances and ge
ometry should match a cbrysotlle pattern 
and be measured semlquantltatlvely. 

(2) Amphibole Group [Includes grunerlte 
(amoslte), crocldoUte, anthophyllite, tremo
lite, and actlno11te]: Amphibole asbestos 
fiber patterns show layer Unes formed by 
very closely spaced dots, and the repeat dis
tance between layer lines Is also about 0.53 
nm. Streaking In layer lines Is occasionally 
present due to crystal structure defects. 

(3) Nonasbestos: Incomplete or unobtain
able ED patterns, a nonasbestos EDXA, or a 
nonasbestos morphology. 

111. The micrograph number of the recorded 
diffraction patterns must be reported to the 
client and maintained In the laboratory's 
quality assurance records. The records must 
also demonstrate that the Identification of 
the pattern has been verified by a quallfied 
Individual and that the operator who made 
the Identification Is maintaining at least an 
80 percent correct visual Identification based 
on his measured patterns. In the event tbat 
examination of the pattern by the qualified 
Individual Indicates that the pattern bad 
been misidentified visually, the client shall 
be contacted. If the pattern Is a suspected 
chrysotile, take a photograph of the diffrac
tion pattern at 0 degrees tilt. IC the structure 
Is suspected to be amphibole, the sample 
may have to be tilted to obtain a simple geo· 
metric array of spots. 

J. Energy Dispersive X-Ray Analysis 
CEDXA). 

1. Required of all amphiboles which would 
cause the analysis results to exceed the 70 Bl 
mma concentration. (Generally speaking, the 
first 4 amphiboles would require EDXA.) 

II. Can be used alone to confirm chrysotlle 
after the 70 Slmma concentration has been ex
ceeded. 

Ill. Can be used alone to confirm all 
nonasbestos. 

lv. Compare spectrum profiles with profiles 
obtained from asbestos standards. The clos
est match Identifies and categorizes the 
structure. 

v. If the EDXA Is used for conCJrmatlon, 
record the properly labeled spectrum on a 
computer disk, or If a hard copy, Clle with 
analysis data. 
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vi. If the number of fibers In the 
nonasbestos class would cause the analysis 
to exceed the 70 Blmma concentration, their 
Identities must be confirmed by EDXA or 
measurement of a zone axis diffraction pat
tern to establish that the particles are 
nonasbestos. 

k. Stopping Rules. 
I. If more than 50 asbestlform structures 

are counted In a particular grid opening, the 
analysis may be terminated. 

II. After having counted 50 asbestlform 
structures In a minimum of 4 grid openings, 
the analysis may be terminated. The grid 
opening In which the 50th fiber was counted 
must be completed. 

111. For blank aamples. the analysis Is al
ways continued untll 10 grid openings have 
been analyzed. 

tv. In all other samples the analysis shall 
be continued until an analytical sensitivity 
of 0.005 Blcma Is reached. 

I. Recording Rules. The count sheet should 
contain the following Information: 

I. Field (grid opening): List field number. 
II. Record "NSD" If no structures are de

tected. 
111. Structure Information. 
(1 l If fibers, bundles, clusters, and/or mat

rices are found, Jist them ln consecutive nu
merical order, starting over with each field. 

(2) Length. Record length category or as-
bestos fibers examined. Indicate If less than 
5 11ffi or greater than or equal to 5 pm. 

(3) Structure Type. Positive Identification 
of asbestos fibers Is required by the method. 
At least one diffraction pattern of each fiber· 
type from every five samples must be re
corded and compared with a standard diffrac
tion pattern. For each asbestos fiber re
ported, both a morphological descriptor and 
an Identification descriptor shall be specified 
on the count sheet. 

(4) Fibers classified as chrysotlle must be 
Identified by diffraction and/or X-ray analy
sis and recorded on the count sheet. X-ray 
analysis alone can be used as sole Identifica
tion only after 708/mma have been exceeded 
for a particular sample. 

(5) Fibers classified as amphiboles must be 
Identified by X-ray analysis and electron dif
fraction and recorded on the count sheet. !X
ray analysis alone can be used as sole Identi
fication only after 70slmma have been ex
ceeded for a particular sample.) 

(6) If a dlftractlon pattern was recorded on 
film, the micrograph number must be Indi
cated on the count sheet. 

17) If an electron diffraction was attempted 
and an appropriate spectra Is not observed, N 
should be recorded on the count sheet. 

(8) If an X-ray analysis Is attempted but 
not observed, N should be recorded on the 
count sheet. 

(9) If an X-ray analysis spectrum Is stored, 
the Clle and disk number must be recorded on 
the count sheet. 
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m. Classification Rules. 
I. Fiber. A structure having a minimum 

length greater than or equal to 0.5 l1ffi and an 
aspect ratio (length to width) of 5:1 or great
er and substantially parallel sides. Note the 
appearance or the end of the fiber, I.e., • 
whether It Is flat, rounded or dovetailed. 

11. Bundle. A structure composed of three 
or more fibers in a parallel arrangement 
with each fiber closer than one flber diame
ter. 

Ill. Cluster. A structure with fibers In a 
random arrangement such that all fibers are 
Intermixed and no single Clber Is isolated 
from the group. Groupings must have more 
than two Intersections. 

lv. Matrl.r. Fiber or fibers with one end free 
and the other end embedded In or bidden by 
a particulate. The exposed fiber must meet 
the fiber definition. 

v. NSD. Record NSD when no structures 
are detected In the field. 

n. After all necessary analyses of a particle 
structure have been completed, return the 
goniometer stage to 0 degrees, and return 
the structure to Its original location by re
call of the original location. 

o. Continue scanning until all the struc
tures are Identified, classified and sized In 
the field. 

p. Select additional fields (grid openings) 
at low magnification; scan at a chosen mag
nification (15,000 to :.>.OOOX screen magnifica
tion); and analyze until the stopping rule be
comes appllcable. 

q. Carefully record all data as they are 
being collected, and check for accuracy. 

r. After finishing with a grid, remove It 
from the microscope, and replace It In the 
appropriate grid hold. Sample grids must be 
stored for a minimum or 1 year from the date 
of the analysis; the sample cassette must be 
retained for a minimum of 30 dan by the 
laboratory or returned at the client's re
quest. 

H. Sample Analytical Sequence 

1. Carry out visual Inspection of work site 
prior to air monitoring. 

2. Collect a minimum or five air samples 
Inside the work site and five samples outside 
the work site. The Indoor and outdoor sam
ples shall be taken during the same time pe
riod. 

3. Analyze the abatement area samples ac
cording to this protocol. The analysis must 
meet the 0.005 Blcm3 analytical~ensltlvlty. 

4. Remaining steps In the analytical se
quence are contained In Unit IV. of this Ap
pendix. 

I. Reporting 

The following Information must be re
ported to the client. See the following Table 
n: 
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TABLE II--EXAMPLE LABORATORY LETTERHEAD 

Laboratory Client FILTER MEDIA DATA Analyzed2 Sample 
J.D. I. D. Type Diameoer,mm Eft"ecli•e Alu.mm PoreSiu,I'JII Area,mm Volume, cc 

INDIVIDUAL ANALYTICAL RESULTS 

laboratory Client I Asbeslos Analytical CONCEI'ITRA TION 
1.0. I.D. S~ru<ob'"'"' S•n•irivitv. slrr. Suucnueslmnil Strucrures/cc 

The analysis was carried out to the approved TEM method. This laboratocy is in compliance with the quality 
specified by the method. 

AuihOi'ili.d StgnaiUTC 

fi40 
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1. Concentration In structures per square 
millimeter and structures per cubic centi
meter. 

2. Analytical sensitivity used for the anal-
ysis. 

3. Number of asbestos structures. 
4. Area analyzed. 
5. Volume of air samples (which was Ini-

tially provided by client). 
6. Average grid size opening. 
7. Number of grids analyzed. 
8. Copy of the count sheet must be Included 

with the report. 
9. Signature of laboratory orrtclal to Indi

cate that the laboratory met specifications 
or the AHERA method. 

10. Report form must contain orrtclal lab
oratory Identification (e.g., letterhead). 

11. Type of asbestos. 

J. Calibration Methodology 

NOTE: Appropriate Implementation of the 
method requires a person knowledgeable In 
electron diffraction and mineral Identifica
tion by ED and EDXA. Those Inexperienced 
laboratories wishing to develop capabilities 
may acquire necessary knowledge through 
analysis of appropriate standards and by fol
lowing detailed methods as described In Ref
erences 8 and 10 of Unit III.L. 

1. Equipment Calibration. In this method, 
calibration Is required for the air-sampling 
equipment and the transmission electron mi
croscope <TEM). 

a. TEM Magnificatioll. The magnification at 
the fluorescent screen of the TEM must be 
calibrated at the grid opening magnification 
(If used) and also at the magnJflcatlon used 
for fiber counting. This Is performed with a 
cross grating replica. A logbook must be 
maintained, and the dates of calibration de
pend on the past history or the particular 
microscope; no frequency is specified. After 
any maintenance of the microscope that In
volved adjustment of the power supplied to 
the lenses or the high-voltage system or the 
mechanical disassembly of the electron opti
cal column apart from filament exchange, 
the magnification must be recalibrated. Be
fore the TEM calibration Is performed, the 
analyst must ensure that the cross grating 
replica Is placed at the same distance from 
the objective lens as the specimens are. For 
Instruments that Incorporate an eucentrlc 
tilting specimen stage, all speclments and 
the cross gJ·atlnt; replica must be placed at 
the eucentrlc position. 

b. Determination of the TEM magnifica
tion on the fluorescent screen. 

J. Define a field of view on the fluorescent 
screen either by markings or physical bound
aries. The field of view must be measurable 
or previously inscribed with a scale or con
centric circles <all scales should be metric). 

II. Insert a diffraction grating replica (for 
example a grating containing 2,160 IJnes/mm) 

r...t1 
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Into the specimen holder and place Into the 
microscope. Orient the replica so that the 
grating Unes fall perpendicular to the scale 
on the TEM fluorescent screen. Ensure that 
the goniometer stage tilt Is 0 degrees. 

III. Adjust microscope magnification to • 
lO,OOOX or 20,000X. Measure the distance 
<mmJ between two widely separated Unes on 
the grating replica. Note the number of 
spaces between the lines. Take care to meas
ure between the same relative positions on 
the lines (e.g., between left edges or lines). 

NOTE: The more spaces Included In the 
measurement. the more accurate the final 
calculation. On most microscopes, however. 
the magnification Is substantially constant 
only within the central 8-10 em diameter re
gion or the fluorescent screen. 

Jv. Calculate the true magnification CMl on 
the fluorescent screen: 

M:::XG/Y 
where: 
X=total distance Cmm) between the des

Ignated grating lines; 
G=callbratlon constant of the grating replica 

Olnes/mm>: 
Y=number of grating replica spaces counted 

along X. 

c. CaiJbratlon of the EDXA System. Ini
tially, the EDXA system must be callbrated 
by using two reference elements to calibrate 
the energy scale of the Instrument. When 
this has been completed In accordance with 
the manufacturer's Instructions, calibration 
In terms of the different types of asbestos 
can proceed. The EDXA detectors vary In 
both solld angle of detection and In window 
thickness. Therefore, at a particular accel
erating voltage In use on the TEM, the count 
rate obtained from specific dimensions of 
fiber will vary both In absolute X-ray count 
rate and In the t·elatlve X-ray peak heights 
for different elemP-nts. Only a few mlnemls 
are relevant for asbestos abatement work, 
and In this procedure the calibration Is spec
Ified In terms of a "fingerprint" technique. 
The EDXA spectra must be recorded fi'Om In
dividual fillers of the relevant minerals, and 
Identifications are made on the basis of 
semiquantitative comparisons with th~se 
reference spectra. 

d. Callbratlon of Grid Openings. 
I. Measure 20 grid openings on each of 20 

random 200-mesh copper grids by placing a 
grid on a glass slide and examining It under 
the PCM. Use a calibrated gratlcule to meas
ure the average field diameter and use this 
number to calculate the field area for an av
erage grid opening. Grids are to be randomly 
selected from batches up to 1,000. 

NOTE: A grid opening is consldeJ·ed as one 
field. 

II. The mean grid opening area must be 
measured for the type of specimen grids In 
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use. This can be accomplished on the TEM at 
a properly callbrated low magnlOcatlon or 
on an optical microscope at a magnification 
of approximately 400X by using an eyepiece 
fitted with a. scale that bas been calibrated 
against a stage micrometer. Optic&l micros
copy utilizing manual or automated proce
dures may be used providing Instrument cali
bration can be verified. 

e. Determination of Camera Constant and 
ED Pattern Analysis. 

I. The camera length or the TEM in ED op
erating mode must be calibrated before ED 
patterns on unknown samples are observed. 
This can be achieved by using a carbon-coat
ed grid on which a thin film or gold has been 
sputtered or evaporated. A thin film of gold 
Is evaporated on the specimen TEM grid to 
obtain zone-ads ED patterns superimposed 
with a ring pattern from the polycrystalllne 
gold film. 

11. In practice, It Is desirable to optimize 
the thickness of the gold film so that only 
one or two sharp rings are obtained on the 
superimposed ED pattern. Thicker gold film 
would normally give multiple gold rings. but 
It will tend to mask weaker diffraction spots 
from the unknown fibrous particulates. 
Since the unknown d-spaclngs of most Inter
est In asbestos analysis are those which lfe 
closest to the transmitted beam. multiple 
gold rings are unnecessary on zone-ads ED 
patterns. An average camera constant using 
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multiple gold rings can be determined. The 
camera constant Is one-half the diameter. D. 
of the rings times the lnterplanar spacing, d, 
of the ring being measured. 

K. Quality Controi!Quallty Assurance 
Procedures (Data Quality Indicators) 

Monitoring the environment for airborne 
asbestos requires the use or sensitive sam
plfng and analysis procedures. Because the 
test Is sensitive, It may be Influenced by a 
variety of factors. These Include the supplles 
used In the sa.mpllng operation, the perform
ance of the sampling, the preparation of the 
grid from the filter and the actual examina
tion of this grid In the microscope. Each of 
these unit operations must produce a prod
uct of defined quality If the analytical result 
Is to be a reliable and meaningful test result. 
Accordingly. a series of control checks and 
reference standards Is performed along with 
the sample analysis as Indicators that the 
materl&ls used are adequate and the oper
ations are within acceptable limits. Iii this 
way, the quality of the data Is defined and 
the results are of known value. These checks 
and tests also provide timely and specific 
warning of any problems which might de
velop within the samplfng and analysis oper
ations. A description of these quality con
trol/quality aBSurance procedures Is summa
rized In the following Table ill: 
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Unit Operation 

Sample receiving 

Sample cUSIOdy 

Sample prepanlion 

Sample 11181ysis 

l'afOIIIIIIICC clleclr. 

CeJcnhtlorw IIIII 
dala Jedal:liml 

TABLE III--SUMMARY OF LABORATORY 
DATA QUALITY OBJECTIVES 

OCCbcck Freqpcm:y 

Review of receiving report Each sample 

Review of chain-cf-custody m:on1 Each urnple 

Supplies and reaaents Onm:eipt 

Grid opening riu 20 openings/20 pids/101 
of I 000 or I opening/sample 

Special clean area moniiOrina Af!D cleaning or service 

LaboniOry bllllk I pa- prep series or 10% 

Plasma etch bllllk I per 20 urnples 

Multiple Jftps (3 per ample) Each ample 

Syaem clleclr. Each day 

Alipuaent clleck Each day 

~lion calibnlion with low and bip 
l!llldanls 

Each 111011111 or after lla"¥ioe 

ED talilnaim by aoJd llllldard Weetly 

EDS calilnlion by coppew 1iDe Dllily 

Ubonlory blank<- of clelnlinea) Prqll per serica ar 10% 
rad 1 per 2S -plea 

lt.eplil:ale CIIUIIIiDa <-ol ~) 1 per 100-plcl 

Daplicle _,.. <-olllpQIIucillilily) 1 per 100 -pia 

it-. ..... ollypicallllllaUb TniDina IIIII ror-(wortiaa Ullllaldl) pili.- willl.....,._ 
Allllysis ol NBS SJtM 1876 EiJJ« RM 1410 
<-ot-,11111~) 

1 per -'Yil per,_ 

llllll CIIIIJ te¥lew (dala ¥alidllian l!ld -
olaapk«-) 

Eacb-,le 

Jtean 11111 waify m e1ecaon difh:tion Jllllan 
olllnlelln 

1perSIIIDpJea 

1111111 c:ak:allllaa oi.......S dala ndualoD I per 100 lllllplca 
...,..._ ar !I! tepr "'"'*""'"'of bind-
CllbllaDd dala 

543 

Confcnnance 
Eaorrtation 

9S'I. complete 

9S'I. complete 

Mea specs. or rejoc1 

100'1. 

Mea specs or reclean 

Meet speer. or 
rtlnal)'liC series 

1S'I. 

Ope with cover oils 
c:ompJece pid aqr. 

Each day 

EICbday 

9S'I. 

9S'I. 

9S'I. 

MDec spec~ or 
~.met 

l.!lal'lla- Sid. Dcv. 

2a hiaoa Sid. Dcv. 

111011. 

1.S &l'llislon Sid. Dcv. 

9S'I. 

IO'I.IIXVX)' 

15'1. 
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1. When the samples arrive at the labora
tory, check the samples and documentation 
for completeneBB and requirements before 
lnltlatlng the analysis. 

2. Check all laboratory reagents and sup
piles for acceptable asbestos background lev
els. 

3. Conduct all sample preparation ln a 
clean room environment monitored by lab
oratory blanks and special testing after 
cleaning or servicing the room. 

4. Prepare multiple grids of each sample. 
5. Provide laboratory blanks with each 

sample batch. Maintain a cumulative aver
age of these results. If this average Is greater 
than 53 rtmm• per 10 ~mesh grid openl11g11, 
check the system for possible sources of con
tamination. 

6. Check for recovery or asbestos from cel
lulose ester filters submitted to plasma 
asher. 

'l. Check for asbestos carryover In the plas
ma asher by Including a blank alongside the 
positive control sample. 

8. Perform a systems check on the trans
mission electron microscope dally. 

9. Make periodic performance checks of 
magnification, electron diffraction and en
ergy dispersive X-ray systems as set forth In 
Table ill of Unit mK. 

10. Ensure qualified operator performance 
by evaluation or replicate counting, dupli
cate analysis, and standard sample compari
sons as set forth In Table m or Unit m.K. 

11. Validate all data entries. 
12. Recalculate a percentage of all com

putations and automatic data reduction 
steps as speclOed In Table m. 

13. Record an electron dlf!raotlon pattern 
of one asbestos structure from every five 
samples that contain asbestos. Verify the 
ldentlflcatlon of the pattern by measure
ment or comparison or the pattern with pat
terns collected from standards under the 
same conditions. 
The outline or quality control procedures 
presented above Is viewed as the minimum 
required to &BBure that quality data Is pro
duced for clearance testing or an asbestos 
abated area. Additional Information may be 
gained by other control tests. Specifics on 
those control procedures and options avall
able for environmental testing can be ob
tained by consulting References 6, 'l. and 11 
of Unit lli.L. 

L. References 
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IV. MandatO'l/ lnterpreliJtlon of Transmi.tsion 
Electron MlcroJCOJ1JI Remit. to Detennlne 
Completion of Re&ponse Actions 

A. Introduction 

A response action Is determined to be com
pleted by TEM when the abatement area has 
been cleaned and the airborne asbestos con
centration Inside the abatement area Is no 
higher than concentrations at locations out
side the abatement area. "Outside" means 
outside the abatement area, but not nec
eBBarlly outside the building. EPA reasons 
that an asbestos removal contractor cannot 
be expected to clean an abatement area to an 
airborne asbestos concentration that Is 
lower than the concentration of air entering 
the abatement area from outdoors or from 
other parts or the building. Arter the abate
ment area has passed a thorough visual In
spection, and before the outer containment 
barrier Js removed, a minimum of Clve air 
samples Inside the abatement area and a 
minimum of five air samples outside the 
abatement area must be collected. Hence, 
the response action Is determined to be com
pleted when the average airborne asbestos 
concentration measured Inside the abate-
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ment area Is not statistically different from 
the average airborne asbestos concentration 
measured outside the abatement area. 

The Inside and outside concentrations are 
compared by the Z-test, a statistical test 
that takes Into account the varlablllty In 
the measurement process. A minimum of 
five samples Inside the abatement area and 
five samples outside the abatement area are 
required to control the false negative error 
rate, I.e., the probability of declaring the re
moval complete when, In fact, the air con
centration Inside the abatement area Is sig
nificantly higher than outside the abatement 
area. Additional quality control Is provided 
by requiring three blanks (filters through 
which no air has been drawn) to be analysed 
to check for unusually high CUter contami
nation that would distort the test results. 

When volumes greater than or equal to 
1,199 L for a 25 mm niter and 2,799 L for a 3'1 
mm niter have been collected and the aver
age number of asbestos structures on sam
ples Inside the abatement area Is no greater 
than 70 stmm' of niter, the response action 
may be considered complete without com
paring the Inside samples to the outside sam
ples. EPA Is permitting this Initial screening 
test to save analysis costs In situations 
where the airborne asbestos concentration Is 
sufficiently low so that It cannot be dlstln
rutshed from the filter contamlnatlonlback
ground level lflbers deposited on the niter 
that are unrelated to the air being sampled). 
The screening test cannot be used when vol
umes of less than 1,199 L for 25 mm filter or 
2,'199 L for a 3'1 mm filter are collected be
cause the ablllty to distinguish levels sig
nificantly different from filter background Is 
reduced at low volumes. 

The Initial screening test Is expressed In 
structures per square millimeter of niter be
cause filter background levels come from 
sources other than the air being sampled and 
cannot be meaningfully expreBBed as a con
centration per cubic centimeter or air. The 
value or 70 stmm' Is based on the experience 
or the panel of microscopists who consider 
one structure In 10 grid openings (each grid 
opening with an area or 0.0057 mml) to be 
comparable with contamination/background 
levels of blank filters. The decision Is based, 
In part, on PolBBOD statistics which Indicate 
that four structures must be counted on a 
fllter before the fiber count Is statistically 
distinguishable from the count for one struc
ture. As more Information on the perform
ance or the method Is collected, this cri
terion may be modified. Since different com
binations of the number and slae of grid 
openings are permitted under the TEM pro
tocol, the criterion Is expressed In structures 
per square millimeter of filter to be consist
ent acroBB all combinations. Four structures 
per 10 grid openings corresponds to approxi
mately 70 stmm2. 
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B. Sample Collection and Analysis 

1. A minimum of 13 samples Is requlrea: 
five samples collected Inside the abatement 
area, five samples collected outside the 
abatement area, two field blanks, and one 
sealed blank. 

2. Sampling and TEM analysis must be 
done according to either the mandatory or 
nonmandatory protocols In Appendix A. At 
least 0.057 mm2 of filter must be examined on 
blank filters. 

C. Interpretation of Results 

1. The response action shall be considered 
complete If either: 

a. Each sample collected Inside the abate
ment area consists or at least 1,199 L or air 
for a 25 mm filter, or 2.799 L or air for a 3'1 
mm fllter, and the arithmetic mean or their 
asbestos structure concentrations per &quare 
millimeter or filter Is leBB than or equal to 70 
stmm2; or 

b. The three blank samples have an arith
metic mean of the asbestos structure con
centration on the blank fllters that Is leBB 
than or equal to 70 stmma and the average 
airborne asbestos concentration measured 
Inside the abatement area Is not statistically 
higher than the average airborne asbestos 
concentration measured outside the abate
ment area as determined by the Z-test. The 
Z-test Is carried out by calculating 

z. Y1 - Yo 
0.8( 1/"' + 1J.o)1h 

where Y, Is the average of the natural loga
rithms or the Inside samples and Yo Is the 
average or the natural logarithms or the out
side samples, n, Is the number of Inside sam
ples and no Is the number or outside samples. 
The response action Is considered complete If 
Z Is less than or equal to 1.65. 

NOTE: When no fibers are counted, the cal
culated detection limit for that analysis Is 
Inserted for the concentration. 

2. If the abatement site does not satisfy ei
ther(}) or (2) of this Section C. the site must 
be recleaned and a new set or samples col
lected. 

D. Sequence Cor Analyzing Samples 

It Is poBBlble to determine completion of 
the response action without analyzing all 
samples. Also, at any point In the proceBB, a 
decision may be made to terminate the anal
ysis of existing samples, reclean the abate
ment site, and collect a new set of samples. 
The following sequence Is outlined to mlnl
mlae the number or analyses needed to reach 
a decision. 

1. Analyze the Inside samples. 

..... 


